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Epoxv Resin Composition 



Field of Invention 



The present invention relates to a composition comprising an epoxy resin and an 
impact modifier, and in particular to the use thereof as an adhesive. 

Background 



Epoxy resins are widely used in many industrial applications. Epoxy resins have good 
thermal and chemical resistance. In addition to effective electrical and mechanical 
properties enabling their use. in particular, as an adhesive on a wide range of 
substrates. Epoxy resins are particularly useful In microelectronics. One such 
application is as a die-attach adhesive to bond a chjp or die to a carrier or a circuit 
board. However, in some applications epoxy resins are generally too brittle, lacking 
the flexibility required, for example, to cope with thermal cycling. Flexibility can be 
imparted to an epoxy resin by incorporating an Impact modifier. Suitable materials are 
described in US-6242513-B (column 5, lines 35-62). Liquid synthetic rubbers such as 
functionaJised polybutadiene copolymers are particularly preferred, especially In 
microelectronic applications. Unfortunately, the components of synthetic rubbers can 
be toxic, and it is preferred not to use these materials for environmental reasons. In 
addition, moisture uptake of an epoxy adhesive containing synthetic rubber can be a 
problem which can lead to thermal Instability or "popcoming" of the completed 
electronic device. Such materials can also suffer from ionic contamination by alkali 
metal and chloride ions which can result in corrosion of ths electrical components. 

Summary of the Invention 



We have now surprisingly discovered an epoxy resin composition which reduces or 
substantially overcomes at least one of the aforementioned problems. 

Accordingly, the present invention provides a composition comprising an epoxy resin 
and an impact modifier comprising at least one dimer fatly acid and/or dimer fatty dlol. 
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The invention also provides a prepolymer comprising in the range from 40 to 80% by 
weight of epoxy resin, and 20 to 60% by weight of Impact modifier, wherein the impact 
modifier comprises in the range from 15 to 50% by weight of at least one dlmer fatty 
add and/or dimer fatty diol. 

The invention further provides a cured epoxy resin composition comprising Impact 
modifier particles having an aspect ratio in the range from 0.7 to 1 .3:1, and a mean 
particle diameter in the range from 0.8 to 5 

The invention further provides the use of a composition comprising an epoxy resin 
and an impact modifier comprising at least one dimer fatty acid and/or dimer fatty dial 
as an adhesive. 

The invention further provides an electronic assembly adhesive comprising an epoxy 
resin and an impact modifier comprising at least one dimer fatty acid and/or dimer 
fatty diol. 

The invention still further provides a method of forming a composition which 
comprises (i) reacting an impact modifier comprising at least one dimer fatty add 
and/or dlmer fatty diol with a first epoxy resin to form a prepolymer, and (ii) mixing the 
prepolymer with a second epoxy resin, and optionally <iii) curing the composition. 

The epoxy resin preferably contains more than one 1 ,2-epoxy group per molecule. 
Such epoxides are well known In the art and are described in Y. Tanaka, "Synthesis 
and Characteristics of Epoxides", in C. A. May. ed-. Epoxy Resins Chemistry and 
-T^chnology^M^c&l-Dekker^1388)^rhey_can.be_sati J ratad or unsaturated aliphatic, 
cydoaliphatic. or heterocyclic groups and can be monomeric or polymeric in nature, 
The weight per epoxide of such resins is preferably in the range from 1 00 to 2.000. 

Suitable epoxy resins are the glyddyl pdyethers of polyhydric phenols which are 
derived from an epihalohydrin. eg epichlorohydrin, and a polyhydric phenol. Examples 
of such polyhydric phenols indude resordnol. hydruquinone. bis(4-hydroxyphenyl)- 
2.2-propane f blsphenol A") 4,4'-dihydroxybenzophenone, bis(4-hydroxyphenyl)-1,1- 
ethane. bis(4-hydroxyphenyl)-1,1-isobutane. bis(4-hyd ro xyphenyl)-2.2.butane. bis(2- 
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dihydroxynaphthyl)methane, phlorogludnol, and bis(4-hydroxyphenyt)sulphone. 
Other polyhydric phenols include novdac resins containing more than two phenol, 
optionally substituted, moieties linked through methylene bridges, in addition to 
halogenated phenolic compounds. 



Other epoxy resins include glycidyJ polyethers of polyhydric alcohols prepared by 
reacting a polyhydric aicohol with an epihalohydrin using a Lewis add catalyst, eg 
boron trifluoride, followed by treatment with an alkaline dehydrogenating agent. 
Suitable polyhydric alcohols include glycerine, ethylene glycol, propylene glycol, 
10 diethylene glycol, hexanediol, hexanetriol, trimethylolpropane. trimethylolethane. and 
pentaerythritol. 

Additional epoxy resins are glyddyl esters of polycarboxylic acids derived from an 
epihalohydrin and a polycarboxylic add. Suitable polycarboxylic adds include 
15 phthalic acid, phthalic anhydride, isophthalfc acid, terephttiafic acid, tetrahydrophthalic 
add, hexahydrophthalic anhydride, adipic add. dimerised fatty acids, and dibasic 
adds made from an unsaturated fatty acid and acrylic add. 

The most preferred epoxy resins are glyddyl polyethers of polyhydric phenols, 
20 particularly the glyddyl polyethers of bisphenol A, the advanced diglyddyl ethere of 
bisphenol-A, the diglyddyl ethers of bisphend-F, styrene oxide, cydohexene oxide, 
and the glyddyl ethers of phenol and other alkyl phenols. Diglyddyl ethers of. 
bisphenol-A and the advanced diglyddyl ethers of bisphenol-A are particularty 
preferred, and especially the advanced diglyddyl ethers of bfsphend-A. 



The epoxy resins preferably have a molecular weight number average In the range 
from 800 to 6.000. more preferably 1,000 to 3.000, particularly 1.200 to 2.000, and 
espedaliy 1 ,400 to 1 ,600. 

The impact modifier used in the present invention comprises and/or is formed from at 
least one dimer fatty add and/or dirner fatty did and/or equivalent thereof. 
The term dimer fatty add is well known in the art and refers to the dimerisaiion 
product of mono- or polyunsaturated fatty acids and/or esters thereof. Preferred 
dimer fatty acids are dimers of C 10 to c more preferably C 12 to C», particularly d« to 
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Cn, and especially C 18 alkyl chains. Suitable dimer fetty acids include the dimerisation 
products of oleic acid, tinoleic acid; Bnolenic acid, palmitoleic acid, and eteidic add. 
The dimerisation products of the unsaturated fatty acid mixtures obtained in the 
hydrolysis of natural fats and oils, e.g. sunflower oil, soybean oil, olive on, rapeseed 
oil, cottonseed oil and tall oil, may also be used. Hydrogenated, for example by using 
a nickel catalyst, dimer fatty acids may also be employed. 

In addition to the dimer fatty acids; dimerisation usually results in varying amounts of 
oligomeric fatty acids Cso-called trimer") and residues of monomeric fatty acids (so- 
called "monomer"), or esters thereof, being present The amount of monomer can, for 
example, be reduced by distillation. Particularly preferred dimer fatty acids used in 
the present invention, have a dicarboxylic (or dimer) content of greater than 50%. 
more preferably greater than 70%. particularly' greater than 85%, and especially 
greater than 94% by weight. The trimer content is preferably less than 50%, more 
preferably in the range from 1 to 20%. particularly 2 to 10%. and especially 3 to 6% by 
weight. The monomer content is preferably less than 5%, more preferably in the 
range from 0.1 to 3%, particularly 6.3 to 2%, and especially 0.5 to 1% by weight 

Dimer fatty diols can be produced by hydrogenatiori of the corresponding dimer fatty 
acid. The same preferences above forthe dimer fatty acid apply to the corresponding 
dimer fatty diol component of the impact modifier. 

The impact modifier is preferably an oligomer or polymer (hereinafter referred to as a 
polymer) formed from, ie comprises reaction residues of. at least one dimer fatty acid 
and/or dimer fatty diol and/or equivalent thereof. Suitable polymers Include 
polyesteiSTPctyamides-polyeste 



impact modifier is to increase the flexibility and/or toughness of the epoxy resin 
composition. 

The molecular weight (number average) of the impact modifier is preferably in the 
range from 200 to 30,000, more preferably 600 to 20,000, particularly 800 to 15.000, 
and especially 1 ,000 to 10,000. 
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In one preferred embodiment of the present invention, the impact modifier comprises 
an oHgoester or polyester. Polyester is normally produced in a condensation reaction 
between at least one polycarboxylic add and at least one polyol. Dicarboxylic acids 
and diols are preferred. The preferred dicarboxylic acid component of the polyester 
5 impact modifier used in the present invention comprises at least one dimer fatty acid, 
as described above. 

The dicarboxylic acid component of the polyester impact modifier preferably also 
comprises non-dimeric fatty acids. The non-dimeric fatty adds may be aliphatic or 
10 aromatic, and include dicarboxylic acids and the esters, preferably alkyl esters; 

thereof, preferably linear dicarboxylic acids having terminal carboxyl groups having a 
carbon chain in the range from 2 to 20, mora preferably 6 to 12 carbon atoms, such 
as adipic acid, glutaric acid, succinic acid, pimelic acid, suberic acid, azelaic acid, 
sebacic add, heptane dicarboxylic add, octane dicarboxylic add, nonane dicarboxylic 
acid, decane dicarboxylic acid, undecane dicarboxylic acid, dodecane dicarboxyiio 
acid and higher homologs thereof. Adipic add is particularly preferred. 

> 

A monomeric dicarboxylic acid anhydride, such as phthalic anhydride, isophthalic 
anhydride and terephthalic anhydride may also be employed as the or as part of the 
non-dimeric fatty acid component. 

The polyester is preferably formed from dimer fatty acids to non-dimer fatty acids 
present at a ratio in the range from 10 to 100%:0 to 90%. more preferably 30 to 
70%:30 to 70%. particularly 40 to 60%:40 to 60%. and espedally 45 to 55%:45 to 
55% by weight of the total dicarboxylic adds. 

The polyol component of the polyester is suitably of tow molecular weight, preferably 
in the range from 50 to 650. more preferably 70 to 200, and particularly 100 to 150. 
The polyol component may comprise pdyols such as pentaerythritol, triols such as 
glycerol and trimethylolpropane, and preferably diols. Suitable diois include straight 
chain aliphatic diols such as ethylene glycol, diethylene glycol, 1.3-propylene glycol, 
dipropylene glycol. 1,4-butylene glycol, 1,6-hexylene glycol, branched diois such as 
neopentyl glycol. 3-methyl pentane glycol, 1,2-propylene glycol, and cyclic diols such 
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as 1 ,4-bls(hydroxymethyl)cyclohexane and (1 ,4<ydohexane-dimethanol). 1 ,4- 
butylene glycol. 1.6-hexylene glycol and neopentyl glycol are preferred diols. 

The polyol component may also comprise a dimer fatty dipl as described above. T 
same preferences above for the dimer fatty acid apply to the corresponding dimer 
fatty diol component of the polyester. 

The polyester impact modifier is preferably formed from dicarboxylic acid to diol 
starting materials at a molar ratio in the range from 1.0 to 5.0:1 , more preferably 1." 
3.0:1, particularly 1.15 to 2.0:1, and especially 1.2 to 1.5:1. Thus, the dicarboxylic 
acid is preferably present in molar excess so.as to obtain a polyester terminated at 
both ends with acid groups. , 



In a preferred embodiment, the polyester is formed from dimer fatty acid, adlpic acid, 
and at least one diol having a molecular weight in the range from 50 to 650. preferably 
at a meter ratio in the range from 0.1 to 1:0.3 to 2:1, mora preferably 0.15 to 0.6:0.6 to 
1.6:1. particularly 0.2 to 0.4:0.8 to 1.3:1. and especially 0,25 to 0.3:1 to 1.1:1. 

The polyester preferably has a molecular weight (number average) in the range from 
800 to 6,000, more preferably 900 to 3,000, particularly 1,000 to 2,000. and especially 
1,100 to 1,400. 

The polyester preferably has a glass transition temperature (Tg) in the range from -60 
to 0°C, more preferably -50 to -5°C, particulariy -40 to -10°C. and especially -35 to 

-15°C. 

The polyester preferably has an acid value (measured as described herein) in the 
range from 10 to 140, more preferably 35 to 125, particularly 55 to 110, and especially 
80 to 100 mgKOH/g. In addition, the polyester preferably has a hydroxyl value 
(measured as described herein) of less than 2. more preferably less than 1.5, 
particularly less than 1 .0, and especially less than 0.6. 

In an alternative embodiment of the present Invention, the impact modifier comprises 
an oligoamide or polyamide. Polyamide is normally produced In a condensation 
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reaction between a dicarboxylic acid and a diamine. The preferred dicarboxylic acid 
component of the polyamide impact modifier used in the present invention comprises 
at least one dimer fatty acid as described above. In addition, non-dinner fatty acids 
may also be employed. 

Suitable non-dimer fatty adds may be aOphatte or aromatic, and include dicarboxylic 
acids and the esters, preferably alkyl esters, thereof, preferably linear dicarboxylic 
acids having terminal carboxyl groups having a carbon chain of from 2 to 20, more 
preferably 6 to 12 carbon atoms, such as adipic add, pimelicadd, suberic acid, 
a^elaic acid, sebacic add, heptane dicarboxylic add, octane dicarboxyfic acid, 
nonane.dicarcoxylicacid, decane dicarboxylic acid, undecan© dicarboxylic acid, 
dodecane dicarboxylic add and higher homologs thereof. 

The polyamide impact modifier is preferably formed from dimer fatty adds to non- 
dimer fatty acids present at a ratio .of from 10 to 100%:0 to 90%, more preferably 50 to 
100%:0 to 50%, particularly 80 to:100%:0 to 20%, and especially 95 to 100%;0 to 5% 
by weight of the total dlcarbokylic-acids. 

Suitable diamines include amine-equlvalents of the aforementioned dicarboxylic 
adds, but generally shorter chain materials are preferred, particularly those containing 
from 2 to 7 carbon atoms. Diamines such as ethylenediamine, propylenediamine, 
tetramethylenediamine, pentamethyJenediamine. hexamethylenediamine. as well as 
dimer fatty diamines (derived from dimer fatty adds) are preferred. Suitable aromatic 
diamines indude materials derived from benzene, toluene and other substituted 
aromatic materials, such as 2 P 6-1olylenedtarnine, 4,4~diphenylmethanediamine and 
xylylenediamine. Other suitable diamines include those which contain one or two 
secondary amino groups, and heterocyclic diamines, for example plperazine. 
Branched diamines, such as 3-methyl pentane diamine may also be used. 4,4- 
diamfnophenylsulphone fs a particularly preferred diamine. 

The weight ratio of dicarboxylic add to diamine starting materials used to form the 
polyamide impact modifier is preferably in the range from 1.0 to 5.0:1. more preferably 
1,05 to 3.0:1, particularly 1.1 to 2.0:1. and espedaily 1^ to 1.4:1. The polyamide is 
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preferably carboxy terminated at both ends, particularly by dlmer fatty acids as 
described herein. 

The polyamide preferably has a molecular weight (number average) In the range from 
5 70D to 30,000, more preferably 800 to 15,000, particularly 900 to 10,000, and 
especially 1,000 to 6.DDQ. 

The polyamide preferably has a softening point in the range from 40 to 200°C. more 
preferably 45 to 125°C, particularly 50 to 100°C, and especially 55 to 85°C. 

10 

The polyamide preferably has an acid value (measured as described herein) in the 
range of from 20 to 200, more preferably 40 to 100. particularly 50 to 70. and 
especially 60 to 65 mgKOH/g. In addition, the polyamide preferably has an amine 
value (measured as described herein) of less than 10, more preferably less man 5, 
• 1 5 particularly less than 3, and especially less than 1 mgKOH/g. 

The impact modifier may also be a copolymer, block, random or graft of polyester and 
polyamide, at least one, and preferably both, thereof as defined above. In one 
preferred embodiment the impact modifier is a copolymer, more preferably random, 
20 comprising polyester to polyamide present at a ratio in the range from 10 to 95%:5 to 
90%. more preferably 40 to 90%:10 to 60%, particularly 60 to 80%:20 to 40%. and 
especially 67 to 73%:27 to 33% by weight ofthe copolymer. 

Alternatively, the Impact modifier may be a polyurethane. for example formed from 
25 one or more of the aforementioned polyesters: and/or formed by using at least one 
^im^r fatt y add and/or dlmer fatty dlol as a chain extender. . 




The impact modifier preferably comprises In the range from 10 to 70%, more 
preferably 15 to 50%, particularly 20 to 30%, and especially 23 to 27% by weight of 
30 residues of dlmer fatly acid and/or dimer fatty diol and/br equivalent thereof. 



The weight ratio of epoxy resin:impact modifier present in the composition is 
preferably in the range from 1 to 20:1 more preferably 1.5 to 10:1, particularly 2 to 4:1, 
and especially 2.4 to 2.8:1. 
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In a preferred embodiment of ihe invention, the impact modifier is reacted with an 
epoxy resin to form a prepoiymer, prior to formation of a composition according to the 
present invention. These epoxy resins preferably have a molecular weight number 

average in the range from 200 to 3000. more preferably 220 to 1 ,000, particularly 230 
to 500. and especially 240 to 280. The molecular weight of the epoxy resin used to 

form the prepoiymer is preferably less than the molecular weight of the epoxy resin 

which is mixed with the prepoiymer to form the composition according to the present 

invention. 

Particularly useful epoxy resins for forming the prepoiymer include the diglycidyl 
ethers of bisphenol-A, the advanced diglycidyl ethers of bisphenol-A, the diglycidyl 
ethers of bisphenol-F, styrene oxide, cyclohexene oxide, and the glycidyl ethers of 
phenol and other alkyl phenols. Diglycidyl ethers of bispheno!-A are particulariy 
preferred. A chain extender such as bispheriol A, and/br bisphenol F is also 
preferably used to form the prepoiymer. 

A catalyst may also be employed, preferably one or more of the normal epoxy resin 
catalysts, such as paratoluena sulphonic acid (PTSA), ethyl triphenyl phosphontorn 
iodide (ETPI), tophenylphosphine (TPP), and tetrabutyl phosphonium acid acetate 
(TBPAA). 

The prepoiymer preferably has a molecular weight (number average) in the range 
from 10,000 to 80.000. more preferably 15,000 to 50,000, particularly 20,000 to 
40,000. and especially 25.000 to 35.000. 

The prepoiymer preferably comprises in the range from 0.5 to 50%, more preferably 3 
to 25%. particularly 7 to 15%. and especially 10 to 13% by weight of residues of dimer 
fatty acid and/or dimer fatty diol and/or equivalent thereof. 

The prepoiymer preferably comprises In the range from 10 to 80%. more preferably 
20 to 60%, particularly 30 to 50%, and especially 40 to 45% by weight of impact 
modifier. The prepoiymer also preferably comprises in the range from 20 to 90%, 
more preferably 40 to 80%. particularly 50 to 70%, and especially 55 to 60% by 
weight of epoxy resin. 
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The weight ratio of epoxy resin:impact modifier present in the prepolymer is preferably 
in the range from 0.25 to 4:1. more preferably 0.75 to 2:1. particularly 1 to 1.6:1, and 
especially 1.2 to 1.4:1. 

5 The composition accoreling to the present invention preferably oomprises In the range 
from 1 to 40%, more preferably 4 to 20%. particularly 6 to 1 2%, and especially 8 to 
9% by weight of residues of dimer fatty acid and/or dirtier fatty did and/or equivalent 
thereof. 

10 The composition preferably comprises in the range from 3 to 90%. more preferably 10 
to 50%. particularly 20 to 35%. and.especfally i; 25 to 30% by weight of impact modifier. 

In addition, the composition preferably comprises in the range from 10 to 97%. more 
preferably 50 to 90%. particularly 65 to 80%. and especially 70 to 75% by weight of 
15 epoxy resin. The aforementioned ranges Include any epoxy resin originally present in 
: i the prepolymer. 

The composition according to the present invention Is suitably formed by mixing the 
epoxy resin and impact modifier, preferably inrthe form of the prepolymer. 

The composition preferably comprises a suitable catalyst, such as those known in the 
art for epoxy resins, for example one of the catalysts described above. 

The composition may also comprise, other optional components such as fillers, for 
25 example fumed silica, silver flake; and curing agents such as phenolic novolac resins. 

•i 

The composition according to the invention may be applied as a film on a suitable 
substrate, and excess solvent removed by heating in anoven, for example at a 
temperature of less than 100"C. Hot air may be blown through the oven in order to 
30 remove the solvent. The composition can be stored as a dry film prior to use, 

preferably having a thickness In the range from 10 to 300 urn, more preferably 25 to 
150 *im, and partlculariy 50 to 75 nm. The film can be subsequently cured In situ by 
heating, for example, at a temperature in the range from 125 to 175°C. 



20 




31 JUL 2002 102 46 FROM GROUP IP 



TO 90163^14444 



P. 15/23 



UQI 51061 



c 



11 



Alternatively, the composition may be applied in situ as a free flowing viscous solid, 
and cured directly by heating as described above. 

The composition preferably has an Jnterfadal Work of Adhesion. Ga (measured as 
5 described herein) of greater than 50, more preferably greater than 70, particularly 
greater than 90. and especially greater than 1 10 and up to 150 Jnrr 2 . The 
composition preferably has the aforementioned values V(hen maintained under dry 
conditions, but more preferably, also whan conditioned at 85*0/85% relative humidity 
far 168 hours (known as JEDEC 1). A particular surprising feature of a composition 
10 according to the present Invention is that the (3a values are effectively maintained 
under moist conditions. Thus, the Ga value of the composition after conditioning 
under JEDEC 1 conditions is preferably at least 50%, more preferably at least 70%, 
particularly at least 90%, and especially 100% of the value obtained prior to . 
conditioning (ie maintained under dry conditions). 4 , : 

The composition preferably has an Essential Work of Fracture (measured as 
described herein) of greater than 9, more preferably in the range from 10 to 20, 
particularly 12 to 1 8, and especially 14 to 16 kJm" 2 , 

20 A particular advantage of compositions according to the present Invention, is that on 
curing, phase separation of the impact modifier can occur resulting in the formation of 
domains or particles of impact modifier within, an epoxy resin matrix. 

The impact modifier particles are preferably approximately spherical, suitably having a 
25 mean aspect ratio di ;d2 (where di and respectively, are the length and width of 
the particle (measured as described herein)) in the range from 0.6 to 1.4:1, preferably 
0.7 to 1.3:1. more preferably 0.8 to. 1.2:1, particularly 0.9,to 1.1:1, and especially 0.95 
to 1 .05:1. In a preferred embodiment of the invention, suitably at least 40%, 
preferably at least 55%. more preferably at least 70%, particularly at least 80%, and 
30 especially at least 90% by number of particles have an aspect ratio within the above 
preferred ranges given for the mean aspect ratio. 
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The impact modifier particles preferably have a mean particle diameter (measured as 
described herein) in the range from 0.4 to 7 urn, more preferably 0.8 to 5 urn, 
particularly 1 .2 to 3 jim, and especially 1.5 to 2.5 um. 

The size distribution of the impact modifier particles can also have a significant effect 
on the final properties of, for example, a cured epoxy resin composition according to 
the present invention. In a preferred embodiment of the invention, suitably at least 
50%, preferably at least 60%, mens preferably at least 70%, particularly at least 80%, 
and especially at least 85% by number of particles have a particle diameter within the 
above preferred ranges given for the mean particle diameter. 

In addition, the impact modifier particles preferably have less than 25%, mors 
preferably less 20%. particularly less than 15%. and especially less than 10% by 
number of particles having a particle diameter of less than 0.5 ^m. "The impact 
modifier particles also preferably have less than 20%, more preferably less 15%, 
particularly less than 10%. and especially less than 5% by number of particles having 
a particle diameter of greater than 5 urn. 

The composition described herein Is suitable for use, preferably as an adhesive, 
particularly as an electronic assembly adhesive, for example in electrical and 
microelectronic applications. The composition' may be used in microelectronics 
manufacturing such as in encapsulation, potting, thin-film coating and embedding of 
electronic circuits. The composition is particularly suitable for use as a die-attach 
adhesive to bond a chip or die to a carrier or a circuit board. 

-T^e^mposition-nw-also-be-usedin-gl^ 
such as in under the hood applications, in electronics, for example as encapsulates 

and potting adhesives. 

In this specification the following test methods have been employed; 



(i) Molecular weight number average was determined by Gel Permeation 
Chromatography (GPC). 
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(H) The softening point and glass transffion temperature (Tg) were measured by 
Differential Scanning Calorimetry {DSC) at a scan rate of 20°C/minute using a Mettier 
DSC30. 

(Hi) The hydroxyl value is defined as the number of mg of potassium hydroxide 
equivalent to the hydroxyl cantentof 1g of sample, and was measured by acetylation 
followed by hydrolysation of excess acetic anhydride. The acetic acid formed was 
subsequently titrated with an ethanolic potassium hydroxide solution. 

(iv) The acid value is defined as the number of mg of potassium hydroxide required to 
neutralise the free fatty acids in 1g of sample^and was measured by direct titration 
with a standard potassium hydroxide solution, 

(v) The amine value is defined as the number Of mg of potassium hydroxide per 1g of 
sample, and was measured by direct titration "with a standard potassium hydroxide 
solution, followed by titration with hydrochloric, acid using:bromophenoi blue as an 
indicator 

(vi) Particle Size of the impact modifier particles was determined by immersing a 
cured epoxy resin sample in liquid nitrogen, preparing thin sections by microtoning, 
and performing scanning electron microscopy. Photographs were produced at an 
appropriate magnification, such that about 50 impact modifier particles were displayed 
in each photograph, A minimum riumber of 300 particles were sized manually using a 

transparent size grid. The mean particle diameter, and particle size distribution, of the 
particles were calculated from the above measurements. In addition, the aspect ratio 

of the particles was determined from the maximum and minimum dimensions of at 

least 50 particles. Alternatively, the measurements could be performed by 

computerised image analysis. 

(vii) Substrate adhesion was measured using T Peel Testing. T-Peel specimens were 
constructed as laminates containing a film of uncured adhesive of thickness 0.2 to 1 
mm, between strips of thin copper-foil of thickness 150 to 200 pm. The samples were 
cured for 1 hour at 175°C prior to testing. During the test, the copper strips were 
pulled apart whist recording load, peel deflection and peeJ angles. Using knowledge of 
the tensile properties of the copper peel arms, the recorded data can be analysed to 
obtain the Interfacial Work of Adhesion, 6a (in Jm-2). Specimens were tested dry and 
after conditioning at 85°C/85% relative humidity for 168 hours (known as JEDEC l). 
(vlii) Cohesive properties of cured films (prepared as described in Example 1) were 
determined by measuring the so-called "Essential Work of Fracture" (European 
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Structural Integrity Society (ESIS) Technical Committee 4 (TC4)) Protocol for Elastic 
Plastic fracture mechanics approach using films). Essential Work was performed in 
tension on double edge notched specimens with varying ligament lengths, cut from 
cured thin films of thickness 150 urn. The resuitant force/deflection data was analysed 
5 to obtain the Essential Work of Fracture (in kJm" 2 ). 

The invention is illustrated by the following non-Bmrting example. 

Example 1 
10 n Prepolymer Formation 

54.5 g of impact modifier (polyester having a molecular weight of 1 200, made from 
Pripol 1 017 (dimer fatty acid) (trade mark, ex ,Uniqema)/adipic acid (50/50 by 
weightmeopentyl glycol)) and 49.9 g of epoxy resin (diglycidyl ether of bisphenol-A 
having a molecular weight of 260) were charged to a round bottomed flask fitted with 
15 an air driven stirrer, nitrogen inlet and condenser. The oil bath was heated to 95°C, 
and 0.06 g of catalyst added. The reaction was then held at 95°C for 15 minutes, 
after which time the reaction temperature was increased to 145*C. A further 0.08 g of 
catatyst was added, followed by 5.8 g of bisphenol A. Three futher 5.6 g portions of 
bisphenot A were added every 5 minutes. ThB reaction was then held at 145*C until 
20 the viscosity of the reaction increased significantly (approximately 30 minutes). The 
reaction was quenched by adding approximately 75 ml of MEK (methylethyl ketone), 
and the reaction temperature wasreduced to 83 D C and held at this tamparature for 
approximately 60 minutes. After this time, the heat was switched off and the reaction 
allowed to cool to room temperature. The prepolymer solution was then poured into a 
25 tray made from mould release paper and allowed to stand in a fume cupboard to allow 
t he .majority of the MEK to evaporate. The remaining MEK was removed under 




vacuum at approximately 90°C, and the prepolymer cooled and stored in a freezer 
until required. 

30 The resultant prepolymer had an Impact modifier content of 42.9% by weight, and an 
epoxy resin content of 57.1% by weight. The prepolymer contained 1 1% by weight of 
residues of dfmer fatty acid. 
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ii) Eooxv Resin Cflittdfl sffion Fonnatinn 

39.7 g of the prepolymer formed above. 15.1 g of epoxy resin (dlglycldyl ether of 
bisphenol-A having a molecular weight of 1 .500), 4.4 g of a phenolic novolac resin, 
and 0.58 g catalyst were weighed into a 500 ml Jar and 1 50 mi MEK was added. A 
magnetic bar was also added, and the mixture stirred until complete dissolution of all 
components had been achieved. The resin solution was poured into a tray prepared 
from mould release paper, and the MEK allowed to evaporate in a fume cupboard 
overnight The remaining MEK was removed under vacuum at about 9CPC for no 
longer than 20 minutes. 

The resultant composition had an impact modifier content of 28.3% by weight, a 
prepolymer content of 66.3% by weight, and contained 7% by weight of residues of 
dimer fatty acid. 



iiiV- Fgm Formation ; .. - 

Small amounts of the MEK free compositions produced above were compression 
moulded between two sheets of mould release paper in order to form films of 
thickness 150 pm: To produce uncured films; compression was carried out at 6CPC 
using a pressure of 10 tonnes between two 12" platens (Moore Press). In order to 
produce cured film, the uncured Rims produced above were heated from room 
temperature to 1 75°C over a period of 30 minutes using:a pressure of about 3-5 
tonnes. The films were maintained at 1 75°C for SO minutes and then allowed to cool. 



The materials were subjected to the test procedures described herein and exhibited 
the following properties; 

(I) Mean particle size of the impact modifier - 1 jam. - 

(ii) Interfadal Work of Adhesion, Ga - 100 Jrn" 2 (dry), and 100 Jrrr 2 (JEDEC 1). 

(m) Essential Work of Ftactum = 15 kJm~2 



The above example illustrates the Improved properties of an epoxy resin composition 
according to the present invention/ 
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CLAIMS 



1 . A composition comprising an epoxy resin and an impact modifier comprising at 
least one dimer fatty acid and/or dimer fatty diol. 

5 

2. A composition according to cjalm 1 wherein the impact modifier comprises 
polyester. 

3. A composition according to claim 2 wherein the polyester fcs formed from dimer 

o fatty acids to non-dimer fatty adds at a ratio in the range ftom 30 to 70%:30 to' 70% by 
weight of the total dicarboxylic acids. 

4. A composition according to either one of claims 2 and 3 wherein the polyester Is 
formed from dimer fatty acid, adipic acid, and at least one diol having a molecular 

15 weight in the range from 50 to 650. 

5. A composition according to s-iny one of the preceding claims wherein the impact 
modifier comprises polyamide. 

20 6. A composition according to any one of the preceding claims wherein the impact 
modifier comprises in the range from 15 to 50% by weight of dimer fatty acid and/or 
dimer fatty diol. 

7. A composition according to any one of the preceding daims wherein the 
25 weight ratio of epoxy resin:impact modifier is in the range from 1 .5 to 1 0:1 . 

a >Tcornp6sTtio7flccom7rg"to 

range from 1 0 to 50% by weight of impact modifier. 



9. A composition according to any one of the preceding claims comprising In 
range from 4 to 20% by weight of dimer fatty acid and/or dimer fatty diol. 
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1 0. A composition according to any one of the preceding claims wherein the impact 
modifier is reacted with an epoxy resnri to form a prepolymer, prior to formation of the 
composition. 



11. A composition according to ciaim 10 wherein the prepolymer comprises in the 
range from 20 to eo% by weight of impact modifier. 

12. A composition according to any one of the preceding claims wherein the 
Interfecial Work of Adhesion. <3a is greater than 70 Jrrr 2 . 

t 

13. A composition according to any one of the preceding claims wherein the 
Essential Work of Fracture is in the range from 12 to 18 kJm" 2 . 

14. A prepolymer comprising in the range from 40 to 80% by weight of epoxy resin, 
and 20 to 60% by weight of impact modifier, wherein the impact modifier comprises in 
the range from 15 to 50% by weight of at least one dimer fatty acid and/or dimer fatty 
didl. • - v 

15. A cured epoxy resin composition comprising impact modifier particles having an 
aspect ratio in the range from 0.7 to 1.3:1. aha a mean particle diameter in the range 
from 0.8 to 5 jim. : V 

16. A composition according to olaim 1 5 wherein at least 60% by number of the 
impact modifier particles have a particle diameter in the range from 0.8 to 5 um. 

17. A composition according to either one of claims 15 and 16 wherein less than 
25% by number of impact modifier particles have a particle diameter of less than 0.5 
jxm. < 

18/ A composition according to any one of claims 15 to 17 wherein less than 20% 
by number of Impact modifier particles have a particle diameter of greater than 5 um. 

1 9. The use of a composition comprising an epoxy resin and an impact modifier 
comprising at least one dimer fatty acid and/or dimer fatty diol as an adhesive. 
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20. An electronic assembly adhesive comprising an epoxy resin and an impact 
modifier comprising at least one dimer fatty acid and/or dimer fatty dial. 

21 . A method of forming a composition which comprises (i) reacting an impact 
modifier comprising at least one dimer fatty add and/or dimer fatty diol with a first 
epoxy resin to form a prepolymer, and (ii) mixing the prepolymer with a second epoxy 
resin, and optionally (iii) curing the c»mposltion 4 

22. A method according to claim 21 wherein the molecular weight off the first epoxy 
resin is less than the molecular weight of the second epoxy resin. 



t 



30 




: l 
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ABSTRACT 



A composition comprising an epoxy resin and an impact modifier comprising at least 
one dfmer fatty add and/or dfmer fatty dial. The composition i& suitable for use as an 
5 adhesive, particularly in microelectronics. 
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